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(54) COMPOSITE NICKEL FINE POWDER AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide composite nickel fine powder suitable for the internal 
electrode material of a laminated ceramic capacitor or the like, in which the rapid thermal 
shrinkage starting temp, of nickel fine powder in paste shifts to the higher temp, side than the 
vicinity of 600 to 700°C. and metal nickel in the nickel fine powder is hard to be oxidized and 
diffused. 

SOLUTION: This composite nickel powder is the one in which, on the surfaces of nickel 
grains, at least one kind of oxides selected from Ti02, Mn02, Cr203, AI203, Si02, Y203, 
Zr02 and BaTi03 (hereinafter simply referred to as oxides) are present. These composite 
nickel fine powder is produced by adding an aq. soln. contg. at least one kind selected from 
Ti, Mn, Cr, Al, Si, Y, Zr and Ba salts to slurry obtd. by dispersing riickel fine powder whose 
surface is subjected to oxidation treatment, thereafter adjusting the pH with acid or alkali and 
executing surface treatment in which added salt metallic oxides are fomned on the surfaces of 
the nickel grains. Moreover, the fine powder obtd. by executing cleaning and drying after the 
surface treatment may be treated with any apparatus among Angmill (R), Hybridizer (R). 
Coatmizer (R), Disperse-coat (R), and jetmizer (R). 
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' * NOTICES* 

Japan Patent Office is not responsible fox any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The compound nickel impalpable powder in which at least one or more sorts of oxides chosen 
from from on a nickel particle front face among Ti02, Mn02, Cr 203, aluminum203, Si02, Y203, and 
Zr02 and BaTi03 exist. 

[Claim 2] The compound nickel impalpable powder according to claim 1 whose AUW ratio of at least 
one or more sorts of oxides chosen from from among the above Cr [ Ti02, Mn02, and ] 203, 
aluminum203, Si02, Y203, and Zr02 and BaTi03 is 0.1 - 5wt% to the whole powder. 
[Claim 3] The manufacture method of the compound nickel impalpable powder according to claim 1 or 
2 which performs surface treatment which adjusts pH with an acid or alkaU and forms an addition salt 
metaUic oxide in a nickel particle front face after adding the solution containing at least one or more 
sorts chosen as the slurry which distributed in liquid the nickel impalpable powder which oxidized the 
front face from from among Ti, Mn, Cr, aluminum. Si, Y, Zr, and Ba salt. 

[Claim 4] To the slurry distributed in liquid, the nickel impalpable powder which oxidized the front face 
After adding the solution containing at least one or more sorts chosen from from among Ti, Mn, Cr, 
aluminum. Si, Y, Zr, and Ba salt, After performing surface treatment which adjusts pH with an acid or 
alkali and forms an addition salt metallic oxide in a nickel particle front face, The manufacture method 
of the compound nickel impalpable powder according to claim 3 which processes the impalpable 
powder obtained by washing and drying with the equipment of on-GUMIRU, high BURITAIZA, a coat 
mizer, a dace spar coat, or a jet mizer. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention is mainly suitable for the internal-electrode material of a stacked 
type ceramic condenser, and relates to the compound nickel impalpable powder excellent in the thermal- 
contraction property, and its manufacture method. 
[0002] 

[Description of the Prior Art] A stacked type ceramic condenser sticks by pressure and cames out the 
baking unification of a ceramic dielectric and the internal electrode in piles by tums. Although platinum 
and palladium were conventionally used as this internal-electrode material, it replaces with these 
platinum and palladium and the technology using base metal, such as nickel, is progressing to recently. 
After internal-electrode formation of a stacked type ceramic condenser carries out heating sticking by 
pressure of two or more things which usually pasted the above-mentioned metal impalpable powder 
which is material, and were printed on the ceramic substrate in piles and unifies, it is common to 
perform heating baking by reducing atmosphere. 

[0003] However, defects which originate in the difference of the thermal contraction of a ceramic base 
material and internal-electrode material, and are generated in the case of baking, such as delamination 
and a crack, were regarded as questionable. This invention persons made magnesium and/or calcium 
contain within the limits of specification in a nickel impalpable powder as a means to conquer this 
trouble, and it has already applied for the technology of improving a thermal-contraction property 
(Japanese Patent Application No. No. 342793 [ nine to ]). According to this technology, you can prevent 
the rapid thermal contraction from about 400-500 degrees C produced in the conventional nickel 
superfines, and rapid thermal-contraction start temperature can make it shift to the elevated-temperature 
side of about 600-700 degrees C. 

[0004] However, although the nickel impalpable powder was originally based also on the particle size of 
a particle, it was what cannot improve the rapid thermal-contraction generating start at about about 600- 
700 degrees C even if it is easy to generate a thermal contraction more rapid than about 400-500 degrees 
C and carries out with technology given in above-mentioned Japanese Patent AppUcation No. No. 
342793 [ nine to ]. Usually, since the temperature up of the burning temperature of a dielectric is carried 
out to about 1200 degrees C, as for thermal-contraction generating start temperature, for suppression of 
delamination or a crack, it is desirable to make it shift to an elevated-temperature side further. In 
addition, even if the burning temperature of a ceramic base material lowers the oxygen density in a 
firing environments considerably in a high material, some metal nickel in a nickel impalpable powder 
oxidizes, and the internal-electrode deficit after baking arises according to the phenomenon diffused in a 
ceramic base material. While shifting rapid thermal-contraction start temperature to an elevated- 
temperature side more in order to bring close to the contraction curve of a ceramic base material as a 
property for which the nickel impalpable powder for a paste is asked since it is such, importance is 
attached to making the metal nickel in a nickel impalpable powder hard to diffuse in a ceramic base 
material during baking. 
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[0005] As a result of repeating research wholeheartedly for the purpose of offering the nickel impalpable 
powder in which this invention persons solve the aforementioned technical problem, and the rapid 
thermal-contraction start temperature of the nickel impalpable powder under paste shifts to an elevated- 
temperature side further from about 600-700 degrees C, and the metal nickel in a nickel hnpalpable 
powder cannot carry out oxidization diffusion easily, it comes to succeed in this invention. 

[Means for Solving the Problem] That is, according to this mvention, the compound nickel impalpable 
powder in which at least one or more sorts of oxides (an oxide is only called hereafter) chosen from 
from on a nickel particle front face among Ti02, Mn02, Cr 203, aluminum203, Si02, Y203, and 
Zr02 and BaTiOB exist is offered. Moreover, these compound nickel impalpable powder is performing 
surface treatment which adjusts pH with an acid or alkali and forms an addition salt metallic oxide in a 
nickel particle front face, after adding the solution containing at least one or more sorts chosen as the 
slurry which distributed in liquid the nickel impalpable powder which oxidized the front face from from 
among Ti, Mn, Cr, aluminum. Si, Y, Zr, and Ba sah. The method of manufacturing a compound nickel 
impalpable powder is offered. Furthermore, you may make it process the impalpable powder obtained 
by washing and drying after surface treatment with the equipment of on-GUMIRU, high BURITAIZA, a 
coat mizer, a dace spar coat, or a jet mizer. In addition, you may make it the nickel impalpable powder 
which oxidized the front face with which an oxide formation process is presented use the nickel 
impalpable powder which oxidized the nickel impalpable powder in liquid. 

[0007] . ^. . 

[Example] The important feature in the compound nickel impalpable powder conceming this mvention. 
It is in at least one or more sorts of oxides chosen from from on a nickel impalpable-powder front face 
among Ti02, Mn02, Cr 203, aluminum203, Si02, Y203, and Zr02 and BaTi03 existing, and, as for 
the amount of oxides, it is desirable to make it the AUW ratio of the oxide to the whole powder become 
wittiin the limits which is 0.1 - 5wt%. When less than [ 0.1 wt% ] is [ an oxide ] very inadequate for the 
whole powder as for the effect, 5wt(s)% was exceeded conversely and it is used as an internal-electrode 
material of a stacked type ceramic condenser, it is easy to have a bad influence on the dielectric 
characteristics of a capacitor. . i u 

[0008] If it is in a solid-state interphase about a solid-state phase like a ceramic base matenal when 
giving baking combination in piles, generally in a solid phase grain boundary, the diffusion to a ceramic 
phase with a small diffusion coefficient with a big diffusion coefficient from a metal phase tends to 
progress as a metal becomes an elevated temperature, since the diffusion coefficient is large compared 
with a ceramic base material. Therefore, diffusion into the ceramic base material of the metal nickel in a 
nickel impalpable powder is remarkable, and in the baking combination by solid-state interphase like 
ceramic-dielectric baking, when the metal nickel which constitutes an internal electrode is spread into a 
ceramic dielectric, it is easy to produce the deficit section in an intemal electrode. 
[0009] In this invention, a wet method is adopted as oxide formation processing. The wet process 
operation which was consistent by performing nickel impalpable-powder manufacture before 
performing oxide processing by the wet process is easy for it, and it is because a product is obtained by 
the low cost. Usually, although a nickel impalpable powder is obtained also with dry process like the 
gaseous-phase hydrogen reduction method of a nickel salt steam, it is desirable to manufacture with the 
wet method which carries out the reduction deposit of the solution in which a nickel impalpable powder 
contains nickel salt also from the above-mentioned point with a reducing agent under specific 
conditions. In addition, when using what oxidized the front face lightly by the suitable oxidizer 
beforehand, the oxide of Ti02, Mn02, Cr 203, aluminum203, Si02, Y203, Zr02, and BaTi03 grade 
becomes easy to form the nickel impalpable powder concerned on a nickel particle front face. The 
aforementioned processing article which formed any one or more sorts of oxides of Ti02, Mn02, Cr 
203, aluminum203, Si02, Y203, and Zr02 and BaTi03 on the above-mentioned nickel particle front 
face in this invention is processing after washing and dryness with the equipment of on-GXJMIRU, high 
BURITAIZA, a coat mizer, a dace spar coat, or a jet mizer. The fixing intensity of the nickel impalpable 
powder used as a nucleus and the oxide which exists in a front face is improved remarkably. 
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rOOlO] As for the salt used in case Ti, Mn, Cr, aluminum, Si, Y and Zr which are used in the process of 
iiis invention, and the solution containing at least one or more sorts chosen from from among Ba salts 
are prepared, the following matter is mentioned respectively. • , 

Ti salt -- A titanium chloride, titanium iodide, sulfuric-acid titanium, titanous-oxalate potassium Mn salt 
- Manganese chloride, a manganese sulfate, manganese nitrate, and bromination - manganese and an 
iodation manganese Cr salt - chrome oxide - a chromium chloride, a chromium sulfate, a chromium 
nitrate and bromination -- chromium and an iodation chromium aluminum salt - potassmm alummate - 
A sodium aluminate, an aluminum chloride, an aluminum sulfate, an aluminium nitrate, Iodation 
aluminum Si salt - Sodium-silicate and potassium-silicate Y salt ~ Yttrium sulfate, a yttnum chlonde. a 
nitric-acid yttrium, and bromination ~ an yttrium and an iodation yttrium Zr salt - zirconium chlonde -- 
A sulfuric-acid zirconium, a zirconium nitrate, chlorination zirconium-oxide Ba salt ~ The acid or alkali 
for pH adjustment used in a barium oxide, barium chloride, a barium nitrate, and this invention at the 
time of neutralization responds to a generation oxide, and is the following solution respectively. It is 

used • 
Ti02, Mn02, Cr203, Si02, Y203, Zr02, BaTi03: Sodium-hydroxide aluminum 203 : Dilute sulfuric 

[Effect^oVtiie Invention] The compound nickel impalpable powder by the above this inventions, When 
the temperature to which a thermal contraction becomes remarkable shifts to at least 700 degrees C or 
more compared with the conventional nickel impalpable powder, it is hard to diffuse the metal mckel m 
a nickel impalpable powder in a ceramic base material, therefore it carries out elevated-temperature 
baking of this in piles on a ceramic base material, and the difference of the thermal-contraction 
coefficient between both decreases, a possibility that the delamination at the time of baking and a crack 
may occur decreases as much as possible, and is very suitable for the internal-electrode formation use of 

a multilayer capacitor. . . , . , .i. - • • ♦ 

[0012] Hereafter, although the example of this invention is explained concretely, this invention is not 
limited to this example. The nickel impalpable powder which oxidized the front face with which this 
example was presented was prepared as follows. That is, lOOg of nickel impalpable powders was added 
into 11 of pure water, and they were agitated and slurred. After agitating for 30 minutes, when package 
addition of the lOOg of the hydrogen peroxide solution was carried out, the reaction was completed and 
the bubble stopped having come out, churning was stopped, and it fiUered and dried, and the scaling 
processing nickel impalpable powder was obtained. 

[Example 1] lOOg of scaling processing nickel impalpable powders was added into 11. of pure water, 
they were agitated, and it heated at 60 degrees C, and held to this temperature. Package addition of the 
sulfuric-acid titanium (Ti:5wt% article) 19.2g is carried out at this solution, and it is sodium-hydroxide 
solution (NaOH:lN)- It added and adjusted to pH 8. After agitating then for 1 hour, the compound 
nickel impalpable powder in which it filters and dries and Ti02 oxide exists was obtained. 

[0014] ^ J ■ . 1, f 

[Example 2] lOOg of scaling processing nickel impalpable powders was added mto 11. ot pure water, 
they were agitated, and it heated at 60 degrees C, and held to this temperature. Package addition of the 
solution which dissolved 5.0g of chromium chlorides in this solution at 50ml pure water is earned out, 
and it is sodium-hydroxide solution (NaOH:lN). It added and adjusted to pH 7. After agitating then for 
1 hour, the compound nickel impalpable powder in which it filters and dries and a Cr20 teroxide exists 
was obtained. 

[Example 3] lOOg of scaling processing nickel impalpable powders was added into 11. of pure water, 
they were agitated, and it heated at 60 degrees C, and held to this temperature. Package addition of the 
solution which dissolved 2.8g (water glass) of sodium silicates in this solution at 60ml pure water is 
carried out. and it is sodium-hydroxide solution (NaOH:lN). It added and adjusted to pH 6. After 
agitating then for 1 hour, the compound nickel impalpable powder in which it filters and dnes and Si02 
oxide exists was obtained. 
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[0016] 

[Example 4] lOOg of scaling processing nickel impalpable powders was added into 11. of pure water, 
they were agitated, and it heated at 60 degrees C, and held to this temperature. Package addition of the 
solution which dissolved 3.5g of yttrium chlorides in this solution at 50ml pure water is carried out, and 
it is sodium-hydroxide solution (NaOH:lN). It added and adjusted to pH 6. After agitating then for 1 
hour, the compound nickel impalpable powder in which it filters and dries and a Y20 teroxide exists 
was obtained. 
[0017] 

[Example 5] lOOg of scaling processing nickel impalpable powders was added into 11. of pure water, 
they were agitated, and it heated at 60 degrees C, and held to this temperature. Package addition of the 
solution which dissolved 3.5g of chlorination zirconium oxides in this solution at 50ml pure water is 
carried out, and it is sodium-hydroxide solution (NaOHilN). It added and adjusted to pH 6. After 
agitating then for 1 hour, the compoimd nickel impalpable powder in which it filters and dries and a 
Zr20 teroxide exists was obtained. 
[0018] 

[Example 6] After having added lOOg of scaling processing nickel impalpable powders into 11. of pure 
water, agitating and slurring them and heating this at 60 degrees C, package addition of the 3.9g 
(Ti:5wt%) of the sulfuric-acid titanium solutions was carried out. Furthermore, it is sodium-hydroxide 
solution (NaOHilN). In addition, pH was adjusted to 8 and agitated for 1 hour. Subsequently, it filtered, 
after repulping once by filtering this. In this way, the obtained cake was added into 11. of pure water, and 
was slurred. And package addition of the solution which melted 2.62g of barium chloride in hot water 
was carried out. Furthermore, it is sodium-hydroxide solution (NaOHrlN). After adjusting pH to 12 or 
more and agitating it as it was in addition for about 1 hour, the compound nickel impalpable powder in 
which it filters and dries and a BaTiO teroxide exists was obtained. 
[0019] 

[Example 7] lOOg of scaling processing nickel impalpable powders was added into 11. of pure water, 
they were agitated, and it heated at 60 degrees C, and held to this temperature. Package addition of the 
solution which dissolved 15.7g of manganese sulfates in this solution at 100ml pure water is carried out, 
and it is sodium-hydroxide solution (NaOHrlN). It added and adjusted to pH 8. After agitating then for 
1 hour, the compound nickel impalpable powder in which it filters and dries and Mn02 oxide exists was 
obtained. 
[0020] 

[Example 8] lOOg of scaling processing nickel impalpable powders was added into 11. of pure water, 
they were agitated, and it heated at 60 degrees C, and held to this temperature. Package addition of the 
solution which dissolved 5.5g of sodium aluminates in this solution at 100ml pure water was carried out, 
1:1 dilute sulfiiric acids were added, and it adjusted to pH 8. After agitating then for 1 hour, the 
compound nickel impalpable powder in which it filters and dries and an aluminimi20 teroxide exists 
was obtained. 
[0021] 

[The example 1 of comparison] 244g of the 1st class sodium hydroxides of a solid was dissolved in pure 
water, pure water adjusted and sodium-hydroxide solution was obtained so that a total amount might be 
set to 430ml. On the other hand, 448g (22.2 % of the weight article of NiS04.6H20 grace) of nickel 
sulfates was dissolved in pure water (warm water was used so that it might dissolve completely early), 
pure water adjusted and nickel-sulfate solution was obtained so that a total amoimt might be set to 
1000ml. Continuation addition of the obtained nickel-sulfate solution was carried out for 50 minutes at 
the addition speed of 20 ml/min at the above-mentioned sodium-hydroxide solution. Thus, after carrying 
out the temperature up of the obtained hydroxide content slurry to 60 degrees C, package addition of the 
420g of the hydrazine-hydrates was carried out, and the hydroxide was returned. The obtained nickel 
particle was washed using pure water, washing was continued until pH of a penetrant remover became 
ten or less, according to the conventional method, filtration and dryness were carried out after that, and 
the nickel impalpable powder (particle-size article of 0.20 micrometers) was obtained. 
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[0022] 

[The example 2 of comparison] In the method of the example 1 of comparison, the nickel impalpable 
powder (particle-size article of 0.50 micrometers) was obtained completely like the example 1 of 
comparison except having added 420g of hydrazine-hydrates added although the hydroxide content 
slurry which carried out the temperature up to 60 degrees C is returned not package addition but over 20 
minutes. 

[0023] In this way, the rate of a thermal contraction was measured for the nickel impalpable powder 
concerning the compound nickel impalpable powder and the example of comparison concerning the 
acquired example using apparatus for thermomechanical analysis (TASmade from physical science 
electrical machinery- 100) in a part for programming-rate lOdeg/, and nitrogen-gas-atmosphere mind. In 
addition, the mean particle diameter asked for the diameter of a fillet from the electron microscope 
photograph. The result was summarized in Table 1. 
:0024] 
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[0025] clearly from Table 1, to the nickel impalpable powder of the example of comparison, the rate of a 
thermal contraction in 900 degrees C is small about 28 to 91%, and about 8 - 77% of improvement 
should hear about at least 11 00 degrees C of compound nickel impalpable powders in the case of an 
example - ** Moreover, the contraction from about 500 degrees C has the rapid nickel impalpable 
powder of the example 1 of comparison, and since a ceramic base material seldom contracts in this field 
but even expansion is produced, it tums out that contraction has taken place from the time of exceeding 
700 degrees C, the nickel impalpable powder of an example 1 approaches the contraction start 
temperature of a ceramic base material to what is easy to produce delamination and a crack, and the 
aforementioned evil cannot happen easily. 



[Translation done.] 
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